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The Fortress Study Group is a charitable organisation the purpose of which is ‘To advance the
education of the public in the study of all aspects of fortifications and their armaments, especially
works constructed to mount or resist artillery’.

It was founded in June 1975 at Pembroke College Oxford, to provide an opportunity for those

interested in fortifications to get to know one another and to publish their research. Membership

includes professional architects and historians, retired or serving members of the armed forces,

and amateur enthusiasts from across the world. 

The Fortress Study Group endeavours to help preserve military architecture and contribute to

academic learning through publication and research grants.  It also provides small grants to

organisations preserving and interpreting fortifications, makes awards to fortification groups to

acknowledge their good work in promoting and protecting a specific fort and provides expert

advice to development proposals.

The group produces two publications: FORT, a refereed journal which is distributed to academic

libraries worldwide, and Casemate, a magazine which appears three times a year. Each year a

Conference is held at a different location in the United Kingdom, with a programme of lectures

and visits to local fortifications. It also promotes a programme of International Study tours to

countries all over the world, studying fortifications in situ and looking at the landscape, history

and politics that led to their construction.

More details of the group and how to join can be found at https://www.fortressstudygroup.org/ .
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Abstract
This article tells the story of the American coastal defenses
of the Delaware Bay during World War Two. While the
Delaware River has been defended and fought over since
colonial times, in the years approaching the World War
Two its defenses were either obsolete or lacking. Starting
in 1930s the US Army and Navy developed plans for new
defenses at the Delaware Capes which led to an intense
construction and manning period from 1941 to 1944.
While threatened by German U-Boats, the war did not
reach Delaware Bay so after 1944 the soldiers and sailors
manning these defenses were mobilized overseas, so by

1946 most these defenses were abandoned, though new
Cold War defenses in the coming ye a rs used this
infrastructure to defend the United States against new
threats.

(Editor: Part 1 of this article which appeared in FORT 48
took the account up to the point in early 1944 when the
defences of Delaware Bay began to be drawn down. Part
2 carries the account on to the present day.)

Keywords: US Army, US Navy, Delaware River and Bay,
fortifications, coastal defenses, Fort Miles, Cape May,
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The Coastal Defenses of the Delaware
Bay during World War Two, Part 2
Te rrance McGove rn

Figure 70. RCW Form 2 for Fire Control Tower No. 8 at Fort Miles, DE showing the plan for the 84-foot concrete tower with two
observation levels, one assigned to Battery Smith and the other on assigned to Battery #519. (RG77 NARA 1944)
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casemate) and an outdoor Historic Area with large
artifacts related to the wartime history of the Fort Miles
and the Delaware Bay.162

For hundreds of years, Cape Henlopen has moved
westward at an average rate of four to five feet per year.
Consequently, the configuration of today’s Cape Henlopen
has substantially changed from the early 1940s. For
example, when construction of the temporary platforms
for the pair of 12-inch guns was begun in 1941 on Cape
Henlopen, they were some 200 feet from the water’s edge.
Today they lie in the surf, visible only at low tide. In spite
of the erosion of the shoreline, many of Fort Miles’
fortifications still exist. Among the more obvious are the
modern primary and secondary gun batteries of the 1940s
Modernization Program. While the interiors of most of
these were modified considerably by the Navy after World
War Two, their basic design can still be discerned. Battery
Herring has lost its earthen cover when converted to a

SOSUS terminal facility. While the plotting spotting room
of Battery Smith is still extant, its interior has been
modified and it is not open to the casual visitor. Both
Battery 519 and Battery Smith are used by the FMHA as
a museum and workshop respectively. Battery 519’s
plotting spotting room is visible from the main access road
but is sealed to prevent access by vandals. Battery Hunter
remains and its battery commander’s station is used as
seabird observation platform. One of the gun blocks for
AMTB Battery 5A is still visible at Cape Henlopen Point,
although those for the 3-inch guns and AMTB Battery 5B
appear to be buried beneath the shifting sands of the cape.

The old Bell Haven Surf Club was dismantled long ago,
but two of the semicircular Panama mounts of Battery No.
22 can still be found in the vicinity of the park’s modern
bathhouse. The cement bag epaulements for the 8-inch
railway guns can still be seen in the wooded area south of
the old parade ground and on the north side of the Great

THE COASTAL DEFENSES OF THE DELAWARE BAY DURING WORLD WAR TWO
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Figure 83. In 2004, the Fort Miles Historical Association (FMHA) undertook a project to turn the abandoned Battery #519 at Fort

Miles, DE into military museum with the goal to restore one of 12-inch gun casemates to its wartime appearance by placing a 

12-inch gun back into position and as this 22 August 2009 photograph shows the great results. (McGovern Collection 2009)



Abstract
The revolution in gunpowder artillery in the Renaissance

period brought changes to fortification design, namely

developing arrow-shaped polygonal bastions placed at the

enceinte’s corners. Some civil buildings responded to

those changes too. A new type of aristocratic building

emerged; the author proposes to call it the bastion castle.

It combined two features into one whole – polygonal

bastion defences and a magnificent palatial body. Despite

the complexity of the bastion castle, this type has received

little attention among scholars and has not been defined in

architectural theory. In this article, the author discusses the

first bastion castles and underlines the continuity of form

from the first examples of villa-castello (villa-castle)

constructed for the Medici family in the fifteenth century

to the bastion castle project presented in the treatise of

Vi n c e n zo Scamozzi’s ‘ The Idea of a Unive rs a l

Architecture’ in the early seventeenth century. Moreover,

the author presents a review of bastion castles terminology

and typology.

Keywords: bastion castle; villa-castle; fortified palace;

t y p o l ogy; Renaissance peri o d, M e d i c i , I t a ly, Po l a n d,

Ukraine.

Introduction
There is a general belief

1

that the development of bastion

fortifications put an end to the castles, deconstructing

them into two types: bastion fort or citadel and palace or

villa. However, several examples of bastion castles found

in different parts of Europe prove otherwise and disprove

33

The Origins of the Bastion Castle

Olha T i k h o n ova

Figure 1.
Location map
(CB)

Figure 1a. Detail
of Tuscan sites



бастіонний замок) , or just castle (Polish -z a m e k,

Ukrainian - замок) with an annex of the name of the

place, although it has many other names too. In the

descriptions of this type of monument in Ukraine and

Poland, historians use several different terms even within

one text.
5

L i ke in Poland and Ukra i n e, s ch o l a rs from other

countries use several names for a similar building type.

This diverse terminology could have resulted from the

vague difference between definitions. We can find several

d i ffe rent wo rds in each language rep resenting a

nobleman’s residence that do not define its defensive

features. For example, the English language uses great

house, manor house, country house, castle. German uses

Landsitz, Herrenhouse, Burg and Schloss. French uses

château. None of these terms gives the unambiguous

meaning of the type of building. It can be a castle or palace

or just a residence of the wealthy class or petty nobility.
6

There is no clear distinction between Burg, Palast, and

Schloss in the German language. The term ‘Schloss’

means stately home; it can either mean bastion castle,

medieval castle, or palace. In the Scandinavian languages,

this word is usually used for either a palace or a castle.

Besides, the words Palast and Schloss are often used as

synonyms. The term Burg in general is used to indicate a

fortified or walled place on an eminence. The French term

château applies to a palace in a country but can also be

used for a castle or imposing country residence of the

nobility in old France.
7

Also, in Medieval and Renaissance

times, the nobility had stone houses in the city with

defensive elements; a difference between these forms and

castles was not clearly defined.
8

In Portuguese literature,
9

Castelo Medieval (medieval castle) uses just as a fortified

m e d i eval building that integrates va rious bu i l d i n g s

defended by walls, turrets, moats, and other defensive

elements. Portuguese researchers use the term fortaleza
ab a l u a rtada (bastioned fo rt ress) for the seve n t e e n t h

century’s defensive structures. João Vieira Caldas called

the single example of a bastion castle found in Portugal,

identified in his research quinta, which means a rural

estate with a palace or a manor house.
10 

Namely, he refers

to a Quinta dos Chavões. In his studies, Caldas calls this

type of construction villa fortificada (fortified villa). 

Individual examples of this type can be found in the

palace section of architectural studies; sometimes, this

type appears categorised as military architecture. Because

TH E OR I G I N S O F T H E BA S T I O N CA S T L E
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Figure 2. Bastion
castle in Zheshov,
Poland, 1620,
rebuilt in 1902–06
(author’s digital
watercolor
illustration based
on a photo taken
on 20 February
2018).



Abstract
This paper looks some of the defences of Bombay, mainly
those of the nineteenth and twentieth centuri e s ,
c o n c e n t rating on two of the three island bat t e ri e s
defending the harbour, Middle Ground and Oyster Rock.
The rationale behind them is investigated, some details of
their construction and armaments are given and their place
in the overall defence of the harbour is shown. The early
history of Bombay and its historic defences are briefly
described.

Key words: India, Bombay (Mumbai), harbour defence,
Oyster Rock, Middle Ground batteries/forts.

Introduction
In February 2017 a visit by the authors to Bombay Castle
and the British-built island batteries of Oyster Rock and
Middle Ground, in Mumbai (Bombay) Harbour, India, led
by a natural prog ression to discovering more about the
origins and rationale of the two batteries, sometimes
referred to as forts. 

It is relatively easy from records to learn more of their
place in the Empire scheme of things, but with admittedly
brief efforts it has not been possible to find much material
on the forts’ own history and construction and very few
illustrations of them at different times in their lives. 

So, this article is narrow in scope, concentrating on
information from limited military records and plans to be
found in The National Archives (TNA) at Kew, plus a set
of photographs from Kings College, London. Photographs
taken over three days on site are also utilised, but large
gaps still wait to be filled by a more thorough research
effort. There is much material waiting in the British
Library, unfortunately inaccessible at the time of writing
(December/January 2020/21).

The article is written by Charles Blackwood, with Ian
Wolfe contributing The‘value’ of Bombay.

After the better part of 300 years as Bombay (the name
was changed to Mumbai in 1996) and as all the substance
of this article predates the name change and all records
consulted refer to Bombay, that is the name which will be
used in the article, similarly with other names since
changed.

Bombay and the East India Company
Bombay came to England from Portugal in 1661 as part of
the dowry of Catherine of Braganza when she married
King Charles II, but it was 1665 before the British took
possession of Bombay Island. By 1666 five of the seven
islands of Bombay were included, only Old Woman’s
Island and Colaba remained in Portuguese hands (see
Figure 2); in 1668 the King rented Bombay to the East
India Company (EIC) for a large loan and £10 per annum. 

The value of the India trade to England, latterly Britain,
was extraordinary and at its peak in 1773 reached an
astonishing near half of Britain’s trade; large numbers of
the members of the EIC became exceedingly wealthy, all
to the gre at detriment of the country as it wa s
systematically and comprehensively looted. The EIC was
fully supported by Britain as it couldn’t afford not to; a

48

Imperial Defence in the Nineteenth
Century as Exemplified by Two Island
Batteries in the Harbour of Bombay
(Mumbai)
Charles H Blackwood with Ian Wo l f e

Figure 1. Map placing Bombay in relation to the Indian Ocean
and significant locations (CHB)
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Figure 32. Middle Ground Battery. View looking South; on left horizon is Oyster Rock, to its right are the towers of Colaba district
of Mumbai. Foreground left is a searchlight position, next is No 2 6-in gun position, behind is 6-pdr QF twin in the No 1 10-in
position, with its director tower, right foreground are four saluting guns. (Indian Navy)

Figure 31. Middle Ground Battery from WSW (CHB)



Abstract 
The Dutch are well known for their defensive use of water
on a large scale. The best known example of this is the
New Dutch Waterline. This article describes the working
of the waterline and its history and evolution throughout
the nineteenth century. This evolution is constantly placed
against the background of the political and technological
changes of that era. Some of the critiques that have been
expressed throughout the years on the effectiveness of the
d e fence system are tre ated here as well. The many
illustrations that accompany the text show the various
fortifications that can be found within the defence system. 

Key wo rd s : D e fence lines, nineteenth century
fortifications, New Dutch Waterline, World Heritage

The Dutch situation, geography and
economy
The Dutch are well known for their use of water as a
means of defence. Of course, the defensive use of water is
not restricted to the Netherlands alone. Around many
fortified towns in France, for example, inundations were
used to strengthen the defence: Calais, Le Quesnoy,
Ve rdun and Stra s b o u rg just to name a few. Eve n
Luxembourg, situated in a mountainous area, had systems
of sluices to block the rivers and inundate parts of the
valley that crosses the town. In all these cases, the
differences in height of the surrounding landscape limited
the inundations to relatively small areas. It was the
geographical condition of the Dutch land that made large-
scale inundations possible. The country was crossed by
many rivers, and the landscape dotted with lakes and
marshes. Large parts of the land were flat and located
below the water level of the rivers and the sea. Over the
centuries, by building dikes and reclaiming land, even
more of this flat, lowland was created. It could easily be
flooded, this led to the creation of defence systems relying
on large-scale inundations: waterlines.

It wasn’t just the geography of the land that made the
use of waterlines such a success in the Netherlands. It was
the political and economic situation as well: the part of the
country that could most easily be protected by inundations

was the most important: the province of Holland. Here the
most important economic and political centres we re
l o c at e d : A m s t e rd a m , Den Haag, D o rd re ch t , L e i d e n ,
Alkmaar, Haarlem, etc. Without conquering the west of
the country, it was almost impossible to conquer the whole
of the Netherlands. The concentration of political and
economic power in Holland, combined with the possibility
of creating large-scale inundations to protect it, has been
the backbone of the Dutch national defence for centuries. 

The idea behind a waterline
The idea behind a waterline is simple: by flooding a large
area of land an unbridgeable barrier is created that will
stop an enemy invasion. However, creating such a water
barrier, with the right depth and size, is more complicated
than it sounds.

Fi rst of all, in order to be able to flood the land it is
n e c e s s a ry to have a netwo rk of sluices and wat e r way s
( c a n a l s , rive rs , d i t ches etc.) to get the right amount of
wat e r, at the right speed to the area that needs to be fl o o d e d.

79

The New Dutch Waterline
J e roen van der Werf 

Figure 1. Location map.
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strategic cities of Utrecht and Naarden. With this last

conquest the road towards Amsterdam was wide open

were it not for the fact that the Dutch had flooded the land

between Muiden, to the north, and Gorinchem to the

south, all the way between the rivers Rhine, Waal, and

Meuse into Brabant. The inundations were made in a

hasty, improvised way, but they were effective. Between

Amsterdam and Muiden lay a water plain kilometres wide.

This water barrier proved impenetrable for the French and

a year later they were forced to evacuate the Dutch

Republic. That same year the decision was made to turn

these improvised inundations into a professional,

controllable defence system. This led to the construction

of what we now know as the Old Dutch Waterline. Over

the years, this defence system was adjusted and

modernized, until in the early nineteenth century, it was

replaced by a new waterline located more to the east of the

country. It included the strategic city of Utrecht. This

waterline is known today as the New Dutch Waterline

(NDW).

JEROEN VAN DER WERF
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Figure 6. Aerial view of that same river access. On the foreground Fort Vuren. In the background, on the other side of the river,

castle Loevenstein.



Abstract
The ravelin of Rethymno - known as “pentagonal fort” - is
a detached outwork of the Venetian citadel, the Fortezza
(Fig. 1). It is located in front of the citadel’s main east
gate, at the junction of I. Kampitsi and Himara Streets and
blocks any line of site with the gate from outside of the
fortress. The Ottomans built the ravelin to strengthen the
defensive zone of the citadel’s gate. Over time, changes
occurred in its use, which significantly altered its external
and internal form. In the early twentieth century, the
Municipality of Rethymno constructed buildings on the
ravelin’s terreplein to house the city’s brothels. Later these
buildings were adapted to house the Prison of Rethymno
until 1969. In the 1970s, the Municipality decided to build
the city’s Archaeological Museum inside the ravelin. The
Museum was inaugurated in 1991 and operated until 2015.
Since then, the local Ephorate of Antiquities has used the
building as a repository of archaeological finds.

This study summarizes the author’s Master’s thesis1

results focusing on the documentation of the ravelin’s
construction period and the modifications it underwent
due to the changes that occurred in its use during the
different historical periods of the twentieth century.

The “ravelin” as a type of fortification work
The tre atises concerning the military arch i t e c t u re of the
16th and 17th centuries written by the military engi n e e rs
Francesco de’ M a rchi (1599), Bonaiuto Lorini (1609),
and Gab riello Busca (1619) define the ravelin (rive l l i n o )
as an independent stru c t u re, similar to bastions
( b a s t i o n i ) , built in front of fo rt re s s e s ’ gates or bri d ges to
s t rengthen them defe n s ive ly.2 The ravelins we re
c o n s t ructed in the middle of the curtain walls (cort i n e )
b e t ween the bastions of the fo rt resses when the curt a i n
walls we re too large. Carlo Theti (1569), G ab riello Busca
( 1 6 1 9 ) , Annibale Po rroni (1676), and Giusto Emilio
A l b e rghetti (1694) emphasize that the ravelins we re cut
o ff from the fo rt i fied encl o s u res to protect the curt a i n
walls and the soldiers on the cove red way, on the outer
side of the moat (strada coperta) (Fi g. 2).3 In add i t i o n ,
d epending on their position and defe n s ive ro l e, t h e
ravelins could be found under diffe rent fo rms and names,
s u ch as barbican (barbacane), c o u n t e rg u a rd (copri fa c c i a ) ,
tenaille (tenag l i a ) .4

The term “ravellino” or “rivellino” in the mid-fifteenth
century was not necessarily used to describe, as in the
sixteenth and seventeenth centuries, a small-scale outwork
leaving a distance from the fortification walls. However, it
referred to circular or square, or angled-shaped structures
being part of the walls and facing the field.5 It is worth

124

The Ottoman ravelin of the Venetian
citadel of Rethymno, in Crete. An
eighteenth-century bastion fortification
and its transformation over time.
Historical and architectural
documentation”
Stefanakis Stylianos

Figure 1. The location of Rethymno at the island of Crete in the
eastern Mediterranean. © Stefanakis Stylianos, 2022.
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mentioning that the ravelin‘s significance in the
development of the bastion lies in the fact that it was never
conceived as a tower being part of the surrounding walls,
while its position close to the gates of the fortresses
illustrated its purpose to break up a possible attack at a
distance and defend the gate with flanking fires.

Francesco di Giorgio Martini in his first treatise written
in 1464 refers to ravelins with or without terrepleins
having a triangular or semicircular layout, while towards
the fortress side they were all open.6 Martini includes in
his treatise designs of ravelins, mainly with triangular
form. A few of these ravelins are equipped with
rudimentary “flanks”, while most of them have the side of
their gorge slightly detached from the fortresses’ side. This
happens to facilitate the bridge’s throw from the ravelins
to the countryside under the flanks’ fire. This ravelin type
is known as “rivellini inginocchiati”.7

The Italian architect and architectural historian, Carlo
Promis, who edited Martini’s treatise, mentions in 1841
that the ravelins’ origins as components of military
installations date back to antiquity. Therefore, they should
not be considered an invention of the fifteenth century.
Their modern name though derives either from the word
“rivolo” signifying in the dialect of Bergamo a hill that is

difficult to climb or from the Latin “revellere” signifying
a construction almost partially detached from the main
body of the fortress.8 

In addition, Promis refers to the ravelin built in front of
the main gate of the Castello Sforzesco di Milano, in the
middle fifteenth century, as the most important example
among ravelins built during this period. According to him,
“if the engineer who executed its construction had thought
of joining it [the ravelin] to the curtain wall or detaching
it a little, he would have been the first inventor of bastions,
that is, the founder of bastion fort architecture”.9 Promis
highlights a figure from Martini’s first treatise depicting
two “regular pentagon forts” having their flanks almost
equal to their faces and vertical to their gorge, and
recalling due to their shape the form of individual
bastions. However, Martini pointed out these structures as
ravelins in his design.10

Moreover, Promis underlines that in the Codice
Atlantico, the largest collection of drawings and writings
made by Leonardo da Vinci dating between 1478 and
1518, various forms of ravelins are included in the
designs.11 He mentions one of Da Vinci’s designs
depicting a square-shaped fortress equipped with 12
exterior fortification works. Each side of the fortress is

HISTORICAL AND ARCHITECTURAL DOCUMENTATION OF THE OTTOMAN RAVELIN OF THE VENETIAN CITADEL OF RETHYMNO
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Figure 2. The layout of outworks in bastioned fortifications by Giusto Emilio Alberghetti. Legend: A. bastion, B. ravelin, C. moat,
D. counterscarp, E. counterguard, F. gate, G. demilune. © Ioanna Steriotou, The Venetian fortifications of Rethymno (1540-1646),
Contribution to the fortified architecture in the 16th and 17th centuries, Athens: Ministry of Culture, Archaeological Receipts Fund,
1992, vol.2, p. 269.
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